Introduction

29
Rupture propagation during earthquakes along convergent 30 margins may commonly be confined to discrete along-strike 31 structural segments. However, it is recognised that rupture propagation exerted by segment boundaries is well established 36 (Spence, 1977; Ando, 1975) but the physical causes are poorly 37 understood. As a result we cannot fully determine seismic and formed (Malod and Kemal, 1996 ; Simandjuntak and Barber, . Two example seismic sections from ocean-bottom stations (top), observed and calculated traveltimes (middle) and rays corresponding to the calculated traveltimes (bottom). The profile kilometre scale (Distance) corresponds to that of Fig. 3 while the offset scale is referring to the shot-receiver distance. OBH05 (left) is located above the flat lying oceanic crust while OBH08 (right) is located above a depth step of the oceanic crust. A major difference in the wide-angle reflection from the top oceanic crust is distinct in the seismogram (see arrows). The location of the two stations is marked in Fig. 1 to 16 km together with the depth and profile of the oceanic crust.
156
The top oceanic crust reflection is shown in Fig. 3 only for those 157 regions where there is a good coverage of seismic rays, where the 158 location of crust is well constrained.
159
The RMS misfit of the PcP phases is in the range of accuracy 160 by which the traveltimes of the PcP phases could be picked.
161
This misfit is less than 100 ms and gives an error in the depth 162 determination of the oceanic crust reflector of less than 300 m.
163
The traveltimes of the Pg-phases are better resolved than those 164 from the PcP, with a misfit of less than 40 ms. From these results
165
we consider the velocity model and depth to the oceanic crust to 166 be well defined.
167
To confirm that the structures imaged are within the spatial 168 resolution of the data, we performed checkerboard tests (Fig. 3) there is a uniform velocity structure in the sediments resting on 187 the subducting oceanic crust (Fig. 3) (Korenaga et al., 2000) . The final velocity model shown in Fig. 3 196 was calculated with a weighting parameter of unity, which 197 corresponds to equal weighting of velocity and depth nodes. Fig. 1 . Top: The inversion of the refracted waves from 10 ocean-bottom stations revealed a detailed velocity-depth model of the model's upper 6 to 8 km. The traveltimes from reflected waves gave a detailed image of the seismic velocities down to the top of the oceanic crust at a depth of about 12 to 16 km. We resolve the shape of the subducting oceanic plate along the profile (black line). In the SE (km 70 to 15) a distinct depth step of the subducting oceanic crust of more than 3 km is resolved. Bottom: The top reflection from the subducting oceanic crust is well imaged north of 2°N (profile km 160-70). It shows a dip to the NW from about 11 km depth to 12.5 km depth (profile km 120 to 160). The reflection vanishes at the NW end of the line, where the initial velocity model for depth migration is poorly controlled. In the centre of the line (profile km 70-120) the strong reflective top of the oceanic crust lies continuously at a shallow depth of 11 to 12 km. Southeast of 2°N (profile km 70-20) only weak reflections are visible, which are located at 2 to 3 km greater depth. (Henstock et al., 2006 , Ladage et al., 2006 .
272
The swath data was compiled and merged to provide a complete (Mooney and Brocher, 1987) .
301
On the MCS data, the profile of the subducting oceanic crust is 302 seen to be broadly similar to that on the wide-angle seismics 303 ( Fig. 3 -bottom) . However, there are distinct regions of strongly show that the variations in the topography of the oceanic crust coincide with a change in the structural style of the accretionary wedge and that the intersection of the dip lines with the margin-parallel line is 34 ± 2 km landward of the toe of the accretionary prism. Relative panel alignment is along the margin-parallel line BGR06-208a (Fig. 3) . The locations of the profiles are indicated as thick purple lines in Fig. 1 . The northern line BGR06-117 (A) is in the December 2004 segment. In the trench the gentle dipping oceanic crust is covered by a thick sedimentary pile (N4 km) and the accretionary prism has a steep outboard slope. The line in the centre BGR06-119 (B) also has a gently dipping oceanic crust beneath the frontal accretionary prism but mainly exhibits a structural high in the oceanic crust beneath the trench. The top of the oceanic crust is 7 km deep in the west and at about 7.8 km beneath the slope. The southern line BGR06-135 (C) bisects the broad re-entrant along the Sunda Arc. The trench fill is strongly wedge-shaped, thickening from 1 km to 4 km at the deformation front. The dip of the oceanic plate increases and thrusts in the accretionary prism form steeply dipping, seaward verging, antiformal stacked slices. The small map shows the location of the multichannel seismic profiles. shows a similar normal fault pattern to that on line BGR06-117.
U N C O R R E C T E D P R O O F
376
However, the trench fill is only 2 km thick and slightly more 377 wedge-shaped as it passes towards the accretionary prism.
378
Normal faults penetrate the trench fill but heal upwards. Above The simplest hypothesis to explain the shallow depth oceanic 417 slab north of 2°identified on our data, would be a broad rise on 418 the lower plate created as the Indo-Australian Plate is subducted 419 beneath the 300 km long re-entrant. The re-entrant ( Fig. 1 oceanic crust that is more steeply landward dipping (Fig. 4C) 
434
than to the north (Figs. 4A and B) . This would not be expected if 435 the shallow slab was formed by a broad rise on oceanic crust subducting along the re-entrant. We conclude, therefore, that the 437 narrow width and steep marginal dips of the shallow slab 438 reflection cannot be explained by a broad rise on the slab that 439 has formed by broad-scale subduction beneath the re-entrant.
440
Rather, the data support the subduction of an elongated, narrow 441 high on the subducting plate.
442
For the origin of the narrow high we refer to the Indo-
443
Australian Plate offshore of Sumatra, the structure of which is 444 reasonably well established (Cande et al., 1989; Deplus et al., 445 1998; Milsom, 2005; Delescluse and Chamot-Rooke, 2007) . (Milsom, 2005) .
461
North of the re-entrant, at 93.2°E and 93.6°E, Sibuet et al. (Cande et al., 1989; Barckhausen, 2006) and traced into 470 the area off Simeulue. A fracture zone at this location was also 471 inferred by Newcomb and McCann (1987) . It projects almost 472 exactly onto the location of the elevated oceanic crust we 473 identify along line BGR06-208a (Fig. 3) . In conclusion, we 474 suggest that it is this fracture zone, now deeply buried beneath in the SE (Fig. 5 -top) where it intersects line BGR06-119 492 (Fig. 5 -middle) . Its relief at seabed is masked by the drape of still underlies the subhorizontal strata (Fig. 5 -bottom) .
516
We consider the absence of the reflection to be attributable to (Fig. 6 -top) . (Fig. 6 -top) . Consideration of the uplift on is equivocal, it may also be that this boundary was initiated by 571 subduction of the fracture zone.
572
However, the evidence suggests that NNE-SSW oriented 573 fracture zones on the oceanic plate are influencing deformation on the over-riding plate, imparting structures that are oriented in 575 the same direction. Previously, the orientation of the segment 576 boundary was inferred to be orthogonal to the plate boundary 577 (Newcomb and McCann, 1987; Ammon et al., 2005; Bilham, 578 2005) . In this regard the aftershock distribution is ambiguous 579 but, however, in terms of orientation of the segment boundary, 580 does not discount an alternative trend of NNE-SSW (Fig. 6) . (Fig. 3 -top) . However, the spatial resolution is limited due to The ridge on the oceanic crust contributes to or is a major 
